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Description 

SPLIT SCAN LINE AND COMBINED DATA 
LINE X-RAY DETECTORS 

Background of Invention 

[0001] The present invention relates generally to x-ray imaging 
systems. More particularly, the present invention relates 
to improved x-ray detectors and methods of operating 
the same. 

[0002] An x-ray system typically includes an x-ray beam source 
and an x-ray detector. An x-ray beam is directed by the 
x-ray source across a region of interest of a patient and is 
detected by the x-ray detector, which in turn generates 
projection data in response to the x-ray beam. 

[0003] a solid-state x-ray detector commonly has an array of 

pixels composed of field effect transistors (FETs) that per- 
form as switches and photodiodes, which detect light. The 
FETs and the photodiodes are constructed of amorphous 
silicon, over which cesium iodide (Csl) is deposited. The 
Csl absorbs the x-rays, generated by the x-ray beam 



source, and converts them into light energy, which is then 
detected by the photodiodes. The photodiodes, due to 
their construction, perform as capacitors and store energy 
in the form of a charge. 

[0004] initialization of the detector occurs prior to an x-ray ex- 
posure during a technique that is commonly referred to as 
"scrubbing the detector" or simply "scrubbing". During 
scrubbing each photodiode is charged to a determined 
and initial voltage potential. The detector is then exposed 
to x-rays, which are absorbed by the Csl. Light that is 
emitted from the Csl, in proportion to flux of the x-rays, 
partially discharges the photodiodes. After the conclusion 
of the exposure, the voltage potential across the photodi- 
odes is returned to the initial voltage potential. The 
amount of charge required to return each photodiode to 
the initial voltage potential is related to the x-ray dosage 
amount detected by each pixel, as integrated by coverage 
area of each pixel for the length of an exposure. 

[0005] The detector is read and scrubbed row by row, as con- 
trolled through active switching of the FETs. Reading is 
performed whenever an image produced by the detector 
contains valuable data, this mainly occurs when the im- 
ages contain exposure data or offset data. Since data ac- 



quired during scrubbing is not of interest it is discarded. 
Scrubbing is performed to maintain proper voltage bias 
across the photodiodes during idle periods or to perhaps 
reduce the effects of lag or incomplete charge restoration 
of the photodiodes. 

[0006] Current x-ray detectors, that are used to support high 

frame rates, often have a split data line design. The x-ray 
detectors consist of a K column by N row matrix of photo- 
diodes. The data lines are split such that there is a first 
half of scan lines and a second half of scan lines. Each 
scan line extends across each half and intersects with 
each data line. Each data line is split to have a pair of line 
segments, each line segment corresponds to either the 
first half or the second half. Readout electronics acquires 
the charge from the photodiodes, representing an x-ray 
signal, and converts the measured charge into a digital 
format. The readout electronics are attached to both seg- 
ments of the data lines. 

[0007] The split data line design supports faster acquisition 

frame rates since two scan lines can be activated simulta- 
neously. Effectively, the detector can be read as though it 
had two half panels rather than a single full panel, 
thereby, doubling the acquisition frame rate. However, 



twice the number of readout channels is required to sup- 
port all of the data line segments, which increases costs 
and power consumption and decreases reliability. Dou- 
bling the readout electronics increases power consump- 
tion of the detector and heat generated therein. Increased 
heat generation results in increased costs in equipment to 
remove the heat. 
[0008] Also, in designing readout circuitry, electronic noise per- 
formance is a concern. One technique for achieving low 
noise performance is to increase bias currents, as de- 
scribed in U.S. Patent No. 6,426,672 entitled, "Means of 
Selecting Low Noise Performance or Low Power Dissipa- 
tion in the Analog Front End of a Custom Integrated Cir- 
cuit". Such an implementation can be advantageous for 
those applications that acquire low dose x-ray images, 
such as in fluoroscopy. By increasing bias currents, the 
electronic noise is reduced, below the X-ray quantum 
noise in low dose images. This allows low dose X-ray im- 
ages to be acquired that are not corrupted by electronic 
noise. 

[0009] Thus, there exists a need for an improved x-ray detector 
that supports high frame rates, consumes less power, has 
low noise performance, and minimizes heat generation 



therein. 
Summary of Invention 

[0010] The present invention provides multiple x-ray detectors 
and corresponding x-ray systems, and methods for oper- 
ating each detector. An x-ray detector is provided and in- 
cludes multiple pixels that receive x-rays. The x-ray de- 
tector includes a split scan line that activates the pixels 
and a data line that conducts charge indicative of the x- 
rays. 

[0011] The embodiments of the present invention provide several 
advantages. One such advantage that is provided by an 
embodiment of the present invention is the provision of a 
detector having split scan lines. Utilization of split scan 
lines increases detector read times, which reduces the 
number of readout channels. The reduction in the number 
of readout channels reduces cost and power consumption 
and simultaneously improves reliability of an x-ray detec- 
tor. 

[0012] Another advantage that is provided by an embodiment of 
the present invention is the provision of a detector having 
non-split data lines. A further advantage that is provided 
by another embodiment of the present invention is the 
provision of a detector having combined data lines. Uti- 



lization of non-split data lines and combined data lines 
can reduce the amount of readout electronics and provide 
the above stated advantages. 

[0013] Moreover, the embodiments of the present invention are 
capable of supporting varying degrees of resolution 
through the ability of combining varying numbers of pix- 
els that are read simultaneously and reducing the amount 
of time required to completely read a detector, thus in- 
creasing the acquisition frame rate when the resolution 
desired is less than the intrinsic resolution of the detector. 
This effectively allows an x-ray system to increase frame 
rate without compromising resolution, which increases 
application versatility for a particular detector design. 

[0014] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 

[0015] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 
scribed below by way of examples of the invention 
wherein: 



[0016] Figure 1 is a perspective and block diagrammatic view of 
an x-ray imaging system utilizing an x-ray detector in ac- 
cordance with an embodiment of the present invention; 

[0017] Figure 2 is a schematic and block diagrammatic view of an 
x-ray detector, having split scan lines and non-split and 
combined data lines, in accordance with an embodiment 
of the present invention; 

[0018] Figure 3 is a plan view diagram of an x-ray detector, hav- 
ing split scan lines and non-split and combined data lines 
with pixels coupling both sides of the data lines, in accor- 
dance with another embodiment of the present invention; 
and 

[0019] Figure 4 is a logic flow diagram illustrating methods of 

operating an x-ray detector in accordance with multiple 

embodiments of the present invention. 
Detailed Description 

[0020] | n the following figures, the same reference numerals will 
be used to refer to the same components. While the 
present invention is described with respect to x-ray de- 
tectors, corresponding x-ray systems, and methods for 
operating each, the present invention is capable of being 
adapted for various purposes and is not limited to the fol- 
lowing applications: computed tomography (CT) systems, 



radiotherapy or radiographic systems, x-ray imaging sys- 
tems, and other applications known in the art. The 
present invention may be applied to radiographic detec- 
tors, cardiographic detectors, or other detectors known in 
the art. 

[0021] | n t he following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0022] Referring now to Figure 1, a perspective and block dia- 
grammatic view of an x-ray imaging system 10 utilizing a 
detector array or x-ray detector 12 in accordance with an 
embodiment of the present invention is shown. The sys- 
tem 10 includes an x-ray source 14 that generates an x- 
ray beam 16, which is directed to pass through a region- 
of-interest 18 of a patient 20. The beam 16 is attenuated 
by an internal structure of the patient 20 and is received 
by the detector 12. 

[0023] The detector 12 is divided into multiple pixels 22. During 
operation of the detector 12, the pixels 22 are scanned by 
scanning circuitry 28, via scan lines 29, to generate expo- 
sure data. The exposure data is received and digitized by 
the readout electronics or circuitry 30 through use of the 



data lines 31. Each pixel 22 independently measures in- 
tensity of the x-ray radiation received over a correspond- 
ing pixel exposed area or photodiode area to generate the 
exposure data. A photodiode common bias or charge cir- 
cuit 32 is electrically coupled to the detector 12 and con- 
trols the anode voltage of the pixels 22. 

[0024] An acquisition control and image processing circuit 34 is 
electrically coupled to the source 14, the scanning cir- 
cuitry 28, the readout circuitry 30, and the bias circuitry 
32 and coordinates operation thereof. The acquisition 
processing circuit 34 reconstructs an image in response to 
the exposure data, which is displayed on the monitor 26. 

[0025] a controller 36 is electrically coupled to both the readout 
circuitry 30 and the scan circuitry 28. The controller 36 
controls the order and speed of readout, as well as the 
photodiode common bias voltage. Although, the controller 
36 is shown as being part of the readout circuitry 30 it 
may be part of other circuitry, such as the photodiode 
common bias circuitry 32, the scan circuitry 28, or the im- 
age processing circuit 34. 

[0026] The acquisition processing circuit 34 and the controller 36 
may be microprocessor based, such as a computer having 
a central processing unit, memory (RAM and/or ROM), and 



associated input and output buses. The acquisition circuit 
34 and the controller 36 may simply be formed of logic 
state machines or of other logic devices known in the art. 
The acquisition processing circuit 34 and the controller 36 
may be a portion of a central main control unit, an elec- 
tronic control module, or may each be stand-alone con- 
trollers, as shown. 
[0027] Referring now to Figure 2, a schematic and block dia- 
grammatic view of an x-ray detector panel 50, having 
split scan lines 52 and non-split and combined data lines 
54, in accordance with an embodiment of the present in- 
vention is shown. The detector 50 includes pixels, repre- 
sented by and each of which having respective field effect 
transistors (FET) 56 and photodiodes 58. The scan lines 
52 are used to activate the FETs 56 and to simultaneously 
allow the photodiodes 58 within a particular row segment 
to charge. The data lines 54 are used to charge the pho- 
todiodes 58, thereby collecting exposure or offset data 
therefrom. The data lines 54 are used by the readout cir- 
cuitry 30 to restore charge to the photodiodes 58. As each 
scan line 52 is activated, the photodiodes, within the pix- 
els on the activated scan line, are simultaneously restored 
to an initial charge. Each data line 54 has an associated 



readout channel (not shown) from which the acquisition 
processing circuit 34 receives the exposure data. 

[0028] The detector 50 has a split desig n with a left half 60 and a 
right half 62. The pixels in the left half 60 are coupled to 
drive circuitry A. The pixels in the right half 62 are cou- 
pled to drive circuitry B. Each pixel in the left half 60 is 
coupled to a common data line with a pixel in the right 
half 62. Each of the halves 60 and 62 have corresponding 
sets of pixels, scan lines 52, and data lines 54, some ex- 
amples of which are stated below. There may be any num- 
ber of sets and the sets may be of various sizes. The scan 
lines 52 are split such that the pixels in the left half 60 are 
coupled to the scan drivers 63 of the drive circuitry A and 
the pixels in the right half 62 are coupled to the scan 
drivers 64 of the drive circuitry B. 

[0029] | n one embodiment of the present invention, pixels in the 
right half 62, are read subsequent to the pixels in the left 
half 60, alternating between the left half 60 and the right 
half 62. Although one example order, as to the manner in 
which the detector is read, is provided and stated above, 
other read sequences known in the art may be utilized. 

[0030] in the embodiment of Figure 2, the data lines 54 are com- 
bined as follows: data line is coupled to data line , 

K r K+1 



data line is coupled to data line , data line is cou- 

K-l K+2 K-2 

pled to data line , etc. The data lines K-2, K-l, and K in 

K+ 3 

the first half 60 are coupled to the data lines K+l, K+2, 
and K+3 in the second half 62, via connections 65, such 
that the connections 65 do not cross each other. The data 
lines K-2, K-l, and K form a first set of data lines and the 
data lines K+l, K+2, and K+3 form a second set of data 
lines. The pixels in the first half 60 are part of a first pixel 
scan set and the pixels in the second half 62 are part of a 
second pixel scan set. The combined data lines 54 in ef- 
fect form single data lines. For example, the data lines K- 
1 and K form a single data line having at least twice the 
length of each of the data lines K-l and K. Although the 
data lines 54 are coupled using a particular connection 
pattern, they may be coupled using various other connec- 
tion patterns known in the art. 
[0031] The connections 65 may be formed within the detector 
50, as shown, or may be formed using other techniques 
known in the art. The connections 65 may, for example, 
be formed in a separate circuit board and coupled to the 
detector 50 using flex (not shown). The flex being similar 
to the flex (also not shown) that may be used to couple 
the readout circuitry 30 and the scan drivers 63 and 64 to 



the detector 50. 

[0032] since the data lines 54 extend continuously across the de- 
tector 50 and are combined, one forth the amount of 
readout electronics is used over traditional systems that 
utilize a non-split scan line and a split data line design. 
Systems that utilize a split data line design typically utilize 
a pair of readout electronics for each split data line. The 
use of one forth the readout electronics significantly re- 
duces the power consumption of a detector, as well as 
heat generated therefrom. Since less power is consumed 
by the detector 50, it is easier to distribute power to the 
detector 50. When a power supply, such as batteries, are 
used to power the detector 50, the weight of the power 
supply is lighter due to the reduced power demands from 
the detector 50. Also, since the detector 50 consumes less 
power, cooling of the detector 50 is simplified. Addition- 
ally, since the amount of readout electronics is reduced 
and the hardware used to cool the detector 50 is simpli- 
fied, the detector 50 and corresponding circuitry have 
both improved portability and improved reliability. This is 
due to fewer and lighter weight components and a fewer 
number of components being associated with the detector 
50. 



[0033] As such, the incorporation of the full-length data lines 54, 
which overlap in length, increases flexibility and ease in 
reading the detector 50. Alternating pixels between the 
left half 60 and the right half 62 along the scan lines 52 
allows the detector 50 to be read in more than one fash- 
ion. Alternatively, the left half 60 may be read before the 
right half 62, or vice versa. This is described in further 
detail below. 

[0034] For example purposes, the pixels of the detector 50 are 
arranged rectangularly in rows and columns, of course 
other arrangements may be utilized. Each row is desig- 
nated by the scan lines 52 and each column is designated 
by the data lines 54. The detector 50 has an approxi- 
mately centered pixel designated by a scan line N and 
data line K. Although, a specified number of pixels are 
shown, the detector 50 may have any number of pixels. 

[0035] The FETs 56 have gate terminals 66, drain terminals 67, 
and source terminals 68. The scan lines 52 are coupled 
between the gate terminals 66 and the drive circuitry Al 
and Bl. The data lines 54 are coupled between the drain 
terminals 67 and the integrators 70. 

[0036] Each of the photodiodes 58 has a cathode 72 and an an- 
ode 74. The cathodes 72 are coupled to the source termi- 



nals 68. The anodes 74 are coupled to a voltage source 76 
at a common contact 77 and have a common contact volt- 
age potential. The voltage source is coupled to a common 
ground 78. Assuming that each of the FETs 56 perform as 
an ideal switch, voltage potential across the photodiodes 
58 formed by the difference in potential of the data lines 
54, as controlled by the integrators 70, and the common 
voltage potential, can be referred to as the photodiode 
bias. 

[0037] | n using the FETs 56, as known in the art, the number of 
electrical contacts to the detector 50 is reduced. Without 
use of the FETs 56, at least one contact for each pixel is 
needed to restore the charge of each of the photodiodes 
58, in effect limiting the number of pixels that may be 
manufactured in a single detector. The FETs 56 reduce the 
number of required contacts to no more than the number 
of pixels along a perimeter of the detector 50, or in other 
words the number of rows and columns. 

[0038] The voltage across the photodiodes 58 is generally con- 
trolled by the bias circuit 32. The bias voltage to which 
the photodiodes 58 are charged is equal to the difference 
between the voltage level of the common contact 77 and 
the voltage level of a respective photodiode data line. In 



order for the photodiodes 58 to store a capacitive charge, 
they are reversed biased, such that the photodiode an- 
odes 74 are coupled to the common contact 77, which has 
a voltage potential that is more negative than that of the 
data lines 54. 

[0039] on the other hand, potential of the common contact 77, 
which effects and is directly related to the photodiode 
bias, is controlled by the controller 36. The controller 36 
is electrically coupled to the data lines 54, the scan cir- 
cuitry 28, and to the common contact 77. The controller 
36 may change the common contact potential in accor- 
dance with the desired application. 

[0040] Referring now to Figure 3, a plan view diagram of an x-ray 
detector 110, having split scan lines 112 and non-split 
and combined data lines 114 with pixels 116 coupled to 
both a first side 118 and a second side 120 of the data 
lines 114, in accordance with another embodiment of the 
present invention is shown. The scan lines 112 are alter- 
nating full-length split scan lines, which are coupled to 
the scan drivers 121 of the drive circuitry A2 and B2. Al- 
though the data lines 114 are full-length data lines like 
the data lines 54, there is half the number of data lines 
114 as there are data lines 54. 



[0041] The pixels 116 are arranged in a split design, but rather 
than the pixels 116 being split into a left half and a right 
half, such as the pixels in the embodiments of Figure 2, 
the pixels 116 are split into a first group 122 and a sec- 
ond group 124. The first group 122 and the second group 
124 alternate pixels by column. 

[0042] The scan lines 112 are considered split because they are 
coupled to and control half the number of pixels along 
any given row of pixels along the horizontal axis (not 
shown), which extends parallel to the scan lines 112. For 
example, the scan line 126 extends along pixels 128, but 
is only coupled to pixels 130. The connection pitch for the 
scan lines 112 is approximately the same as the above- 
described detector 50. Although the adjacent scan lines, 
such as scan lines 132, are shown as being spaced apart 
from each other, the adjacent scan lines may be "stacked" 
on top of each other so as to maximize the photodiode fill 
factor. When the adjacent scan lines are stacked, the adja- 
cent stacked scan lines are spaced apart or separated by 
an insulating material, in a direction orthogonal to the 
plane of the detector 110. The separation or insulating 
material assures that there is not a conductive connection 
between the adjacent scan lines, similar to the separation 



between the scan lines 112 that are not stacked. 

[0043] Half the number of data lines 114 is utilized since the 
pixels 122 and 124 share common data lines. The con- 
nection pitch of the data lines 114 is approximately half 
of the connection pitch of the above-described detector 
50. Half the connection pitch increases ease in manufac- 
turing of a detector, due to reduced manufacturing toler- 
ance restrictions. The length of the data lines 114 is half 
the length of the data lines 54, since the data lines 114 
only extend the length of the detector 110 and are not 
combined with any other data lines. Thus, the data lines 
114 provide reduced capacitance and resistance as com- 
pared to the data lines 54 and the data lines of prior art. 
Reduced capacitance and resistance provides reduced 
noise performance of the readout channels. 

[0044] The detectors 50 and 110 may be operated in an alternat- 
ing mode or in a "binned" mode. The binned mode refers 
to the combining of multiple pixels in a single read; this is 
described in further detail below. The alternating mode 
provides higher resolution than the binned mode, which 
will support faster acquisition frame rates. 

[0045] | n the alternating mode, with respect to the embodiments 
of Figures 2 and 3, drive circuitry Al or A2 is activated 



first followed by drive circuitry Bl or B2. A first pixel, in 
the left half 60 or in the first group 122, is read followed 
by a second pixel, that is on the same data line as the first 
pixel and is in the right half 62 or in the second group 
124. Alternatively, all of the scan driver circuitry Al or A2 
can be activated in sequence before any of the scan driver 
circuitry Bl or B2 is activated. The same is true for the re- 
verse order. With respect to the embodiment of Figure 4, 
pixels on the same split scan line and on the same com- 
bined data line may be read using a sequential technique 
similar to that described above. 
[0046] | n the binned mode, multiple scan drivers are activated si- 
multaneously. For example, with respect to the embodi- 
ment of Figure 2, two scan drivers in the drive circuitry Al 
may be activated simultaneously followed by two scan 
drivers in the drive circuitry Bl. Thus, one readout channel 
may acquire the charge from two pixels in the left half 60 
simultaneously followed by two pixels in the right half 62, 
simultaneously. In addition, the signal from two adjacent 
readout channels are combined, in a digital fashion, either 
by the readout electronics or by the electronics following 
the readout electronics, resulting in a single large pixel 
formed through a combination of four smaller pixels. The 



four pixels form a 2x2 square, in effect retaining the same 
aspect ratio as an individual pixel. The individual charges 
of the two pixels are combined on each of two common 
data lines and are acquired in analog summing fashion. 
Upon combining the individual charges the digital data 
from adjacent data lines are then digitally summed. 

[0047] For the stated embodiments, the binning of the pixels in- 
creases acquisition frame rates at the expense of spatial 
resolution, without reduced field size. The amount of data 
acquired, using the binned mode, for a resulting image is 
less, and thus less image storage space is required. In the 
embodiment of figure 3, four scan lines are activated si- 
multaneously, two from drive circuitry A2 and two from 
drive circuitry B2. This is done in such a manner to acti- 
vate the pixels along two adjacent rows in figure 3. In 
other words, four pixels on each data line are read simul- 
taneously, resulting in a solely analog signal combination, 
eliminating the need for digital summation circuitry in the 
readout electronics or anywhere else. In so doing, the 
stated embodiment therefore further reduces power con- 
sumption and costs when used in the binned mode. 

[0048] Referring now to Figure 4, methods of operating an x-ray 
detector in accordance with multiple embodiments of the 



present invention are shown. In step 150, the pixels of a 
detector, such as the pixels of the detectors 50 and 110, 
are activated via one or more split scan lines. The pixels 
are scrubbed or read, which allows charge from the read- 
out electronics to charge each pixel to a given potential 
via the data lines. In step 152, the photodiodes of the de- 
tector are exposed and receive x-rays. In step 154, the 
extent of the x-rays are read by or indicated via one or 
more non-split data lines, such as the combined data 
lines 54 and the data lines 114. 

[0049] The above-described steps are meant to be an illustrative 
example; the steps may be performed synchronously, se- 
quentially, simultaneously, or in a different order depend- 
ing upon the application. 

[0050] The present invention provides multiple x-ray detectors 
that may be applied in various applications. The x-ray de- 
tectors have varying degrees, levels, and quantities of res- 
olution, pixel connection pitch, scan driver channels, 
readout circuitry channels, noise performance, data line 
capacitance and resistance, power consumption, and heat 
generation. The detectors of the embodiments of the 
present invention provide a reduced amount of readout 
circuitry, reduced power consumption, reduced heat gen- 



eration, and reduced detector and power supply weight, 
as well as improved noise performance and reliability over 
detectors of prior art. 
[0051] while the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 
vention, numerous modifications may be made to the 
methods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



